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WIND-TUNNEL INVESTIGATION OF THE STATIC AERODYNAMIC 


CHARACTERISTICS OF AN 18-FOOT ( 5 . 49 -METER) 
ALL-FLEXIBLE PARAWING 


By Charles E. Libbey, George M. Ware, 
and Rodger L. Naeseth 
Langley Research Center 


SUMMARY 


An investigation has been conducted in the Langley full-scale tunnel to 
determine the performance and the static stability and control characteristics 
of an l 8 -foot (5* 49-meter) all-flexible parawing. This parawing had no rigid 
structural members and utilized only the tension forces produced by the aero- 
dynamic loading to maintain the shape of the canopy. The tests showed that the 
parawing was longitudinally stable at angles of attack from about 30 ° to 40°. 

In this angle-of -attack range the parawing could be trimmed longitudinally over 
a range of lift-drag ratios from about 2.0 to 1.5* At lower values of lift- 
drag ratio, which correspond to angles of attack above 40°, there was a desta- 
bilizing break in the pitching-moment curve and the parawing was unstable over 
the remainder of the test angle-of -attack range (up to 100°). As the angle of 
attack was decreased below 30 °, the nose portion of the wing collapsed, and at 
an angle of attack near 28° the entire wing collapsed. The wing, however, 
could be reinflated by increasing the angle of attack. The parawing was direc- 
tionally stable and had positive effective dihedral over most of the test angle- 
of-attack range but was directionally unstable and had negative effective dihe- 
dral at angles of attack from about 35° to 45°. Differential deflection of the 
wing tips for lateral control produced positive rolling moments and negative 
yawing moments over most of the test angle-of-attack range when the lines were 
changed in a direction to lower the right wing tip. This result would be 
expected from a center-of-gravity shift type of control. 


INTRODUCTION 


There is, at the present time, an increasing interest in gliding parachutes 
as a means of space-vehicle recovery and cargo delivery; and there are a number 
of different types of gliding parachutes being developed to meet the demand for 
such a system. In order to evaluate the performance, stability and control, 
and deployment characteristics of this type of configuration, the Langley 
Research Center is presently evaluating several parachute -like devices with 
gliding capability by means of wind-tunnel and flight tests . 



One concept in the gliding parachute category which has received consider- 
able attention is a parawing completely void of any rigid structural members 
and utilizing only the tension forces produced by the aerodynamic loading to 
maintain the shape of the canopy. This device, which was developed at the NASA 
Langley Research Center, is called an all -flexible parawing. The particular 
wing used in the present investigation had a modified 45° delta planform with 
suspension lines along the keel and leading edges and has demonstrated free- 
flight capability. The investigation consisted of static wind-tunnel force 
tests to determine the basic lift and drag characteristics and the longitudinal 
and lateral stability and control characteristics of such a parawing over an 
angle -of -attack range from 30 ° to 100° and at sideslip angles up to 10 °. These 
tests were conducted at several different values of dynamic pressure to evaluate 
the effects of wing loading in simulated steady trimmed gliding flight (ig) 
conditions . 


SYMBOLS 


The data are referred to the stability system of axes. The origin of the 
axes was located to correspond to a center-of-gravity position at the confluence 
point of the model suspension lines. The coefficients are based on the laid- 
out-flat canopy area of 224 square feet ( 20.8 square meters), keel length of 
15.75 feet (4.8 meters), and wing span of 25.45 feet ( 7 . 7 6 meters). Measure- 
ments used in this investigation were taken in the U.S. Customary System of 
Units. Equivalent values are indicated parenthetically herein in the Inter- 
national System of Units (Si). Details of the system together with conversion 
factors can be obtained in reference 1 . 


b 

wing span, feet (meters) 


CD 

drag coefficient, -§• 

qt> 


C L 

lift coefficient, 

qS 


C Z 

rolling-moment coefficient. 

Rolling moment 
qSb 

% 

Sc 7 

= , per degree 

Sp 


C m 

pitching-moment coefficient. 

Pitching moment 
qS2 k 

c n 

yawing -moment coefficient. 

Yawing moment 
qSb 

Cnp 

SC n , 

= P er degree 



2 


Side force 
qs 


Cy side-force coefficient, 

dC Y 

c Y p = Per degree 

D drag, pounds (newtons) 

axial force, pounds (newtons) 

% normal force, pounds (newtons) 

L lift, pounds (newtons) 

L/D lift-drag ratio 

keel length, feet (meters) 

M moment, foot-pounds (meter-newtons) 

My pitching moment, foot-pounds (meter-newtons) 

q free-stream dynamic pressure, pounds per square foot (newtons 

per square meter) 

5 wing area, square feet (square meters) 

x distance between model suspension confluence point and moment center 

of upper strain-gage balance of support system, feet (meters) 

a angle of attack (angle between relative wind and wing chord line 

perpendicular to streamline strut), degrees 

(3 angle of sideslip, degrees 

6 change in length of a suspension line being used as a control, 

inches (meters); positive value indicates increasing line length 

Subscripts: 

K-ll keel line 

L-6 left wing-tip line 

R-6 right wing- tip line 

T total 

u upper balance 

l lower balance 
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TEST MODEL AND APPARATUS 


A plan- view drawing of the parawing canopy in a laid-out-flat condition is 
presented in figure 1. A sketch and a photograph of the model mounted for force 
testing in the Langley full-scale tunnel are presented in figures 2 and 3, 
respectively. Some of the more important items of the test setup are labeled on 
figure 2. The fabric used to form the membrane of the parawing was 1.1-ounce 
( 31 g) per-square-yard ( 0,037 kg/m 2 ) rip-stop nylon cloth with an acrylic 
coating to reduce the porosity to nearly zero. The warp of the cloth was nor- 
mal to the trailing edge. Twenty-three nylon suspension lines were used to 
transfer the load from the wing membrane and to control the shape the membrane 
would assume under aerodynamic loading. Each leading edge had six suspension 
lines and the keel had eleven suspension lines. (See table I for line spacing.) 
The length of the suspension lines from the confluence point to the canopy for 
two test configurations investigated is given in table II. The lengths of the 
suspension lines for the basic configuration were determined from preliminary 
free-glide tests. Subsequently, the line lengths were further adjusted to the 
modified line configuration in an effort to improve the performance of the model. 

The mounting arrangement for the parawing consisted of a long streamline 
strut pivoted in the middle to permit change of angle of attack and with strain- 
gage balances mounted at both ends. (See fig. 2.) The strain gage at the lower 
end of the streamline strut was fitted with a yoke to which all the suspension 
lines were attached. The strain gage at the upper end of the streamline strut 
was fitted with a short spike which protruded through a small hole in the mem- 
brane of the parawing canopy at a point on the keel 60 percent of the theoreti- 
cal keel length back from the theoretical apex. The spike restrained the para- 
wing from pitching or rolling with respect to the streamline strut with very 
little apparent distortion to the shape of the canopy. In order to restrain 
the wing from yawing or to hold the wing at a given sideslip angle, the suspen- 
sion lines from the keel were passed between two parallel aluminum tubes which 
were rigidly attached to the streamline strut. With the parawing mounted in 
this fashion, fabric and line stretch were virtually unaffected and the model 
was free to assume the shape dictated by the aerodynamic loading. Also, because 
of the location of the strain-gage balances, the forces and moments measured 
were independent of the aerodynamic tare forces on the support system. The 
entire wing support system was mounted on the full-scale-tunnel force-measuring 
scales, which were used to obtain the lateral aerodynamic characteristics 
because the strain-gage balances were not instrumented to measure lateral 
forces. The full-scale-tunnel force -measuring scales also provided a second 
system for measuring the longitudinal aerodynamic characteristics of the para- 
wing for comparison with data from the strain-gage balances. 


Tests 

The investigation was conducted in the Langley full-scale tunnel, a com- 
plete description of which is given in reference 2. The lift and drag and the 
static longitudinal stability and control characteristics of the parawing were 
determined from force measurements obtained from the two-strain-gage system. A 
schematic drawing showing the forces and moments measured and how they were 
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resolved into the coefficients of lift, drag, and pitching moment is presented 
in figure 4. One longitudinal check test and all the lateral tests were made 
by using the tunnel scale-balance system to record the force-test data. Tests 
were made for a range of angles of attack (as measured from the angle between 
a relative wind and a wing-chord line perpendicular to the streamline strut) 
from about 50 ° to 100° for several values of control-line length and dynamic 
pressure. Most of the tests were conducted at a dynamic pressure of 1.00 pound 
per square foot (47-9 newtons per square meter). Included in the investigation, 
however, were tests at higher and lower values of dynamic pressure to evaluate 
the effects of wing loading on the aerodynamic characteristics of the configu- 
ration at simulated steady gliding flight conditions. Longitudinal control 
tests were made with the model in its basic rigging by changing the keel 
and wing-tip suspension lines as follows: 

(a) Keel line was shortened by 4 inches (0.10 meter) 

(b) Keel line was lengthened by 4 inches (0.10 meter) 

(c) Keel line, left wing- tip line, and right wing- tip line were 

each shortened by 4 inches (0.10 meter) 

The range of dynamic pressure used in the investigation varied from about 0-50 
to 1.50 pounds per square foot (24.0 to 71*9 newtons per square meter), which 
corresponded to an airspeed range from about 20 to 40 feet per second (6.1 
to 9-15 meters per second) at standard sea-level conditions. The Reynolds num- 
ber range covered in the tests varied from about 1.91 X 10^ to 3*83 X 10^, 
based on the parawing keel length of 15*75 feet (4.8 meters). 

The lateral stability and control tests were made only at a dynamic pressure 
of 1.00 pound per square foot (47*9 newtons per square meter) at angles of attack 
from 30° to 70° for an angle-of-sideslip range from -10° to 10°. The lateral 
control tests were made with total differential lengths of 4 and 8 inches (0.10 
and 0.20 meter) in the wing-tip lines for both left and right control inputs. 


Corrections 

The data are presented with no corrections applied on the basis of the 
following analysis of the correction problem. In order to obtain some indica- 
tion of the relative magnitude of the corrections, jet boundary, buoyance, and 
blockage corrections were determined by use of conventional wind-tunnel methods. 
It should be pointed out that the all-flexible parawing operates at relatively 
high angles of attack, whereas the available wind-tunnel correction methods are 
generally intended to apply to low angle -of -attack conditions. There is, there- 
fore, some reason to question the applicability of standard wind-tunnel correc- 
tions in this case, especially at angles of attack near 90 ° • At the lowest 
angles of attack where the methods are considered most applicable (and where 
the maximum values of L/D occurred), the corrections were found to be negli- 
gible. Since most of the data were measured at high angles of attack where 
conventional wind-tunnel correction methods are questionable and since the cor- 
rections for the low angle -of -attack conditions were very small, the data are 
presented with no corrections applied. 
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RESULTS AND DISCUSSION 


Corroboration of Techniques 

Hysteresis effects .- In the proposed operation as a recovery device, the 
all -flexible parawing is intended to be deployed much like a parachute which 
would give an initial opening angle of attack of about 90°. After the deploy- 
ment, the wing would rotate to a lower angle of attack and the configuration 
would go into gliding flight- Most of the force tests were made, therefore, 
by beginning at a high angle of attack and recording data as the angle was suc- 
cessively reduced. In order to determine whether there was any difference 
between this test procedure and the more conventional test method of increasing 
angle of attack, one test was made in which data were taken while the angle of 
attack was increased, and the results of this test are presented in figure 5 . 
These data show that for the test angle-of-attack range (up to ^0°), there were 
higher values of lift recorded when the model was tested by decreasing angle of 
attack. The reason for the greater lift was apparent from visual observations. 
As the angle of attack was decreased below 40°, the nose portion of the para- 
wing began to deform until at about 28° the wing collapsed entirely. In most 
such cases, when the angle of attack was increased, the wing would reinflate. 
When the wing was tested by increasing angle of attack, the model was initially 
positioned at a = 30°. At this angle the model was somewhat deformed and, as 
the angle of attack was increased, there was delay in the angle of attack at 
which the nose section became full y inflated again. This lag in the assumption 
of the normal nose shape evidently resulted in the lower values of lift. 

Comparison of force -measuring systems .- The data obtained from the full- 
scale-tunnel scale system are compared with the data obtained during the same 
test with the two-balance strain-gage system in figure 6 . These data show that 
the lift, drag, and lift-drag ratio compare very well for the two systems. The 
pitching-moment curves do not agree quite so well in actual magnitude, although 
the slopes and trends are in good agreement. One possible reason for the 
pitching-moment differences may be attributed to errors in the moment-transfer 
distances from the full-scale-tunnel scales to the model center of gravity due 
to the flexing of the support system. Another possible reason for the discrep- 
ancy in the magnitude of the pitching moments is believed to be that, because 
of the tunnel scale system, it was difficult to determine accurately the aero- 
dynamic tare of the support system; and when any relatively small inaccuracies 
in accounting for lift and drag tares are transferred, the long distances 
involved in moment transfers for the tunnel scale-balance system, they can 
yield significant moment errors. The strut tares were measured with the wing 
off and were used in the reduction of the data. The actual aerodynamic tare of 
the support system in the presence of the wing may be considerably different 
from that measured, because the wing can induce a change in velocity over the 
strut. There are no strut tare corrections with the two-balance system, since 
In this system only the aerodynamic forces acting on the wing are measured. In 
both systems there are interference effects of the strut on the wing which have 
not been taken into account. It should be pointed out that the lateral data, 
which were measured with the tunnel scale system, are subject to errors in tare 
corrections similar to those pointed out in the longitudinal case for this meas- 
uring system. 
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Longitudinal Stability and Control 


- Longitudinal characteristics of the model .- The longitudinal characteris- 
tics of the configuration with the basic rigging are presented in figure 7- At 
angles of attack below about 30 ° the nose of the configuration with the basic 
rigging would start to deform, regardless of the test airspeed; as a result, no 
data were taken below this angle. Actually, as previously pointed out, the wing 
collapsed at an angle of attack of 28°. As may be seen, the lift was at a maxi- 
mum and was relatively constant from a = 30 ° to a = 40° and then decreased 
at the higher angles of attack. The maximum lift-drag ratio obtained was about 
1.9 • Indications are, however, that if the nose of the wing had remained 
inflated at lower angles of attack, somewhat higher values of L/D might have 
been obtained. The pitching-moment data of figure 7 show that, at angles of 
attack from 30 ° to 40°, the slope of the pitching -moment curve was stable, and 
that the configuration was trimmed at an angle of attack of about 30 °, which 
was approximately the angle for maximum lift-drag ratio. At an angle of attack 

of about 40° and lift-drag ratio of approximately li the pitching moment showed 

an unstable break and the configuration was statically unstable at all higher 
angles of attack. 

Because the material from which the parawing was fabricated stretches with 
load, and because the aerodynamic loads are not evenly distributed, the tests 
were conducted at the three different values of dynamic pressure shown in fig- 
ure 7 . These tests simulate the wing in a steady trimmed gliding flight con- 
dition (lg) at different wing loadings. The data obtained at the different 
values of dynamic pressure are generally similar, but at the lowest value of 
dynamic pressure lower values of lift and drag and a different trim point were 
measured than for the other two values. This result is probably associated 
with the fact that, at the lowest value of dynamic pressure, the wing did not 
appear to fill out as well as it did at the two higher values (particularly 
along the leading edge and near the nose) because the weight of the wing was 
sufficiently large in proportion to the lift being produced to cause the wing 
to sag. This deformation might be expected to have detrimental effects on the 
aerodynamic characteristics of the wing. The lift-drag ratio of the wing, how- 
ever, was about the same for all three dynamic pressures in spite of the dis- 
tortion of the wing at the lowest speed. Tests at a dynamic pressure of 1.5 
could only be made at angles of attack up to 40°. At angles of attack of 45° 
and beyond, the wing began to oscillate so badly that no reliable data could 
be taken. This occurrence, however, does not indicate that the wing would 
oscillate at this value of q in free flight. The oscillation was very likely 
associated with the restraint provided by the mounting system. 

Effect of suspension-line rigging .- In an effort to improve the performance 
of the all-flexible parawing, slight modifications were made to the suspension- 
line lengths which had the effect of reducing the camber of the canopy. A com- 
parison of the results obtained with the model with the modified and basic 
suspension-line configurations is presented in figure 8. As may be seen, the 
model with modified lines remained inflated to a lower angle of attack so that 
the wing was operating on the unstalled side of the lift curve. In this con- 
figuration, the model had a higher value of maximum lift-drag ratio as a result 
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of the lower angle of attack achieved. The maximum value of lift-drag ratio in 
this case was 2 . 1 . 

Effect of control deflection.- It would he expected that the parawing would 
he controlled by changing the length of one or more of the suspension lines. 

The easiest and most obvious arrangement for pitch control is to change the 
length of the keel line. Figure 9 presents the results of tests in which the 
length of the keel line was increased and decreased 4 inches (0.10 meter) 
from its original length. This type of pitch control did not appreciably affect 
the variation of lift, drag, and lift-drag ratio with angle of attack. It did, 
however, affect the trim point, as would he expected. It should he noted that 
the control does not operate in the same sense as an elevator, since pulling 
down on the trailing edge causes a nose-up pitching moment and caused the wing 
to trim at a higher angle of attack. Actually, the control acts in the sense 
of a center-of -gravity shift type of control. Lengthening the keel line 
4 inches (0.10 meter) produced a negative trim shift in the pitching-moment 
curve. With the basic line length, however, the parawing was already trimmed 
very nearly at the point of collapse so that lengthening the keel line 
shifted the curve to such an extent that there was no stable trim point in the 
range of angles of attack where the wing would stay inflated. Shortening the 
keel line caused the parawing to trim at a slightly higher angle of attack. 

The data also indicate that because of the unstable break in the pitching-moment 
curve, a stable trim range for the model with the test-line rigging is possible 
only from an angle of attack of 30° to about ^ 0 °. With this trim range, it 
would be possible to modulate the lift-drag ratio from about 2.0 to 1 . 5 - 

Figure 10 shows the results of shortening the keel line in combination 
with the two wing -tip lines by 4 inches (0.10 meter) each, as compared with 
shortening only the keel line by A inches (0.10 meter). The data indicate 
that the combination control produced the greater shift in the pitching-moment 
curve. This result is as expected, since the whole aft portion of the wing 
becomes effective as a control. 


Comparison of Small-Scale and Large-Scale Wings 

In an effort to provide additional information for use in interpreting the 
results of static longitudinal tests of all-flexible gliding devices, a brief 
investigation was conducted with a smaller wing and a theoretical keel length 
of 5 feet ( 1.52 meters); this wing was an exact scale model of the 18 -foot 
( 5 . 49 -meter) wing, except that the fabric of the wing was not scaled to give the 
correct canopy membrane flexibility. 

A comparison of the data from the 5 -foot (l. 52-meter) and the 18 -foot 
( 5 . ^9-meter) wings is presented in figure 11. The data from the two wings were 
not identical but the curves have the same character and show the same general 
level of force and moment coefficients. As may be seen, the smaller wing 
remained inflated to a lower angle of attack and had a slightly higher value of 
maximum lift that occurred at a lower angle of attack. These differences are 
probably due to greater stiffness (relative to its size) of the canopy of the 
smaller wing. It is interesting to note that, even though there were differences 
in lift and drag, the lift-drag ratios of the two wings were about the same at 
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angles of attack above 30°. The wings also exhibited similar stability 
characteristics . 


Lateral Stability and Control 

Because the two-balance system was not instrumented to read lateral forces 
and moments, the lateral data were taken using the full-scale tunnel scale- 
balance system. The lateral tests were limited to a maximum angle of attack 
of 70 ° because of large constant amplitude oscillations of the model when it 
was sideslipped and were limited in angle of sideslip to ±10° because the wing 
usually collapsed at sideslip angles slightly above these values, particularly 
at the lower angles of attack. 

The variation and repeatability of the static lateral coefficients of the 
all-flexible parawing with angle of sideslip for the test angle-of -attack range 
are shown in figure 12. The solid symbols indicate repeat data. In general, 
the data show relatively good agreement in trend but show considerable variation 
in magnitude. These data are summarized in figure 13 in the form of the sta- 
bility derivatives Cy^ Cnp> an< ^ C}p with angle of attack. The data were 

obtained by estimating the average slope of the coefficients through p = 0°. 
Because of the nonlinearity of the data, especially at angles of attack of 40° 
and above, the stability derivatives are only generally indicative of the char- 
acteristics of the model. As may be seen, the model had positive values of 
directional stability ||+C n p^ and positive effective dihedral that 

decreased with increasing angle of attack and became zero at an angle of attack 
of about 35° • In the angle -of -attack range from 35° to *4-5° the parawing was 
directionally unstable and had negative effective dihedral. These unstable 
characteristics are a result of the change in sign of the side-force derivative, 
Cyp, since this parameter multiplied by its moment arm contributes significantly 

to the directional stability and effective dihedral characteristics. At the 
higher angles of attack, the model was again stable and had positive effective 
dihedral. 

It has been suggested that differential deflection of the wing tips (by 
reeling in and letting out on the tip suspension lines) might be a method of 
controlling the all-flexible parawing laterally. Data showing the effect of 
differential tip-line lengths of ±2 and ±4 inches (± 0.05 and ±0.10 meter) on 
the lateral characteristics of the model are presented in figure l4 and are 
summarized in figures 15 and l6. The variation of the lateral coefficients with 
sideslip for the model with controls deflected indicates that at an angle of 
attack of 30° the controls were effective over the test sideslip range. (See 
fig. l4. ) At angles of attack of 35° and above, the model stalled, and there 
was little consistency in the forces and moments produced by control deflection 
over the sideslip range. Even though there was nonlinearity in these data with 
angle of sideslip, the static lateral forces and moments resulting from right 
to left control are fairly symmetrical when measured at p = 0° for the angle- 
of -attack range investigated. (See fig. 15*) The difference between the right 
and left control data of figure 15 , divided by 2 to give average control char- 
acteristics for the system, is shown in figure 1 6 as the incremental lateral 
forces and moments produced by a right-wing-down control. For this configuration. 
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positive (right) rolling moments and negative (left) yawing moments are devel- 
oped over most of the angle-of -attack range. Since a right -wing-down control 
produces positive rolling moments, the control system seems to he acting more 
like a center-of-gravity shift type of control than a conventional aileron type 
of control. 


SUMMARY OF RESULTS 


The results of the full-scale-tunnel investigation of the performance and 
the static stability and control characteristics of the l8-foot ( 5 . 49 -me ter) 
all-flexible parawing tested may be summarized as follows: 

1. The model had a maximum value of lift-drag ratio of about 2.0 and had 
longitudinally stable trim points over a lift-drag range from about 2.0 to 1.5* 

2. The all-flexible parawing was longitudinally stable at angles of attack 
from about 30° to 40°. At angles of attack above 40°, there was a destabilizing 
break in the pitching -moment curve and the model was unstable over the remainder 
of the test angle -of -attack range (up to 100°). As the angle of attack was 
decreased below about 30 °, the nose portion of the wing collapsed, and the entire 
wing collapsed at an angle of attack near 28°. The wing, however, could be rein- 
flated by increasing the angle of attack. 

3- The model was directionally stable and had positive effective dihedral 
over most of the test angle -of -attack range but was directionally unstable and 
had negative effective dihedral at angles of attack from about 35° to 45° • 

4. Differential deflection of the wing tips for lateral control produced 
positive rolling moments and negative yawing moments over most of the test 
angle-of -attack range when the lines were changed in a direction to lower the 
right wing tip. This is the result that would be expected from a center-of- 
gravity shift type of control. 


Langley Research Center, 

National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., September 13, 1966, 
124-07-03-06-23. 
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TABLE I.- SUSPENSION-LINE SPACING 


Line 

Location along 
leading edge 
(a) 

Line 

Location along 
keel 
(a) 

L-l and R-l 

38.25 in. 

K-l 

27.O in. 


( 0 . 9 T m) 


(O.69 m) 

L -2 and R -2 

72.0 in. 

K-2 

45.0 in. 


(I.83 m) 


(l.l 4 m) 

L -3 and R -3 

108.0 in. 

K -3 

63*0 in. 


( 2.74 m) 


(1.60 m) 

L -4 and R -4 

144.0 in. 

k -4 

81.0 in. 


(3-66 m) 


(2.06 m) 

L -5 and R -5 

180.0 in. 

K -5 

99.0 in. 


( 4.57 m) 


( 2.51 m) 

L-6 and R-6 

216.0 in. 

K-6 

117.0 in. 


( 5.49 m) 


( 2.97 m) 



K -7 

139.5 in. 




( 3.54 m) 



K-8 

162.0 in. 




( 4.11 m) 



K -9 

180.0 in. 




( 4.57 m) 



K -10 

198.0 in. 




( 5.03 m) 



K-ll 

216.0 in. 




( 5.49 m) 


a From theoretical apex (see fig. l). 















Location of restraint 
rods for lateral tests 


Lateral restraint rods 
for longitudinal tests 


Streamline strut 


Lower balance 
Center of gravity 



Clearance hole in wing 


Upper balance 


Angle-of-attack actuator 


Support strut 


Figure Z- Sketch showing setup for force testing in Langley full-scale tunnel. 




Resultant 
force vector - 


f A,T = F A,i + f A, u 
f N,T = f N,I 

% = M Y, u + f A, u (x > 

Fm T Fa t 

C L = -gf-cosa + -^-sina 

C D =-^s^" sin a --^^cosa 

C - * 

~zr 

qSt k 


Wind 

Wing reference line 
perpendicular to strut" 


Streamline 
strut “2- 


F A, u / 


Upper balance 


Spike attached to 
top balance 





■Suspension line 


Confluence point 
and center of gravity 




-Lower balance 



Figure 4.- Sketch showing how forces and moments are measured with two-balance system. Arrows indicate positive direction of 

forces and moments. 
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Figure 6.- Comparison of static longitudinal characteristics of model with basic rigging as measured by Langley full-scale tunnel scale 
system and strain-gage system. (3 = 0°; q = 1.0 Ib/sq ft (47.9 newtons/sq meter). 
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Figure 10.- Comparison of effects of changes of length of keel line with changes in length of keel line plus two wing-tip lines for pitch 
control with basic rigging, p = 0°; q = 1.0 Ib/sq ft (47.9 newtons/ sq meter). 
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Figure 15.- Effect of differential wing-tip line deflection on the lateral characteristics of the model. Basic rigging. P = 0° 



"The aeronautical and space activities of the United States shall he 
conducted so as to contribute ... to the expansion of human knowl- 
edge of phenomena in the atmosphere and space. The Administration 
shall provide for the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof ” 

—National Aeronautics and Space Act of 1958 
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